Many investigations and reviews show that II-VI compound semiconductor 1-D nanostructures have a great potential for the future electronic and optoelectronic applications. As an important II-VI semiconductor, ZnSe is one of the most significant materials with prominent applications in this issue. In the present work, we firstly provide a comprehensive investigation of the magnetic properties like magnetization and magnetic susceptibility of ZnSe nanostructures as a 1-D quantum many body. The magnetic study of this metal reveals a ferromagneticantifferomagnetic transition upon annealing. Magnetization shows a step-like behavior with pronounced plateaus in a specific magnetic field interval at low temperature. This subject has not been investigated in the previous works. In the experimental part, by the spray pyrolysis technique, thin films of ZnSe are deposited on glass substrates (at two different substrate temperature), then annealed in vacuum at 400
Introduction
In the current decade, great interests on Zinc selenide (ZnSe) nanostructures have been stimulated due to their worthful potentials for both fundamental physical researches and applications in constructing nanoscale electric and optoelectronic devices [1, 2, 3] . ZnSe is an II-VI semiconductor material that has unique physical properties, such as a fairly wide and direct band gap (2.7 eV at room temperature), low optical absorption and high optical transparency (∼ 90%) in the visible and infrared spectral regions [4] . ZnSe films, therefore, have several potential applications such as electro optics devices [5, 6] , optical coatings, thin film transistors and heterojunction solar cells [7, 2] , etc.
Current CdS is widely utilized as buffer layer material for solar cells. Due to the noxious nature of CdS layers, much consideration has been intensive on developing Cd-free buffer layers. One of the most ideal substitutions of CdS is ZnSe. ZnSe is not only environment responsive but also has higher band gap than CdS (∼ 2.4 eV), subsequently ZnSe buffer layer may conduct even higher energy photons to the absorber layer of the solar cell. There are some previous reports revealing that it is possible to construct ZnSe based solar cells with efficiency > 11% [8, 9] . Moreover, it has possible applications in red, blue and green light emitting diodes, photovoltaic, laser screens, thin-film transistors, and photoelectrochemical cells [3] .
Magnetic properties of metals have attracted intense interest from researchers due to their potential implementations at low temperature as well as higher temperature in condensed matter physics [10, 11, 12, 13, 14, 15, 16] . There are a few studies on the magnetic properties of material a:ZnSe (a denotes a specific metal) in the literature. For instance, magnetic properties of Mn:ZnSe have been experimentally investigated by S. Acharya et al [17] . Also, magnetic properties of granular MTJ systems, formed by an ensemble of Fe nanoparticles embedded in a ZnSe epilayer have been investigated by A. R. de Moraes et. al. [18] . Magneto-optical studies conducted with annealed CdZnSe/ZnSe quantum dots, also the effect of an externally applied magnetic field on the electronic structure of thermally annealed CdZnSe/ZnSe have been reported so far [19] . Subsequently, we will discuss the magnetic properties of ZnSe thin films theoretically, as well as the optical and electrical properties of such a material experimentally.
Various methods have been used to synthesize high quality thin films such as spray pyrolysis (SP) [20] , thermal evaporation [21] , metal-organic chemical vapor deposition (MOCVD) [22] , electro-deposition [23] , pulsed laser deposition [24] , atomic layer deposition [25] , sputtering [26, 27] and chemical bath deposition (CBD) [3] . Among these various techniques, spray pyrolysis (SP) technique has some advantages [28, 29] . For instance, it is easy, inexpensive and flexible to do, on top of that it is an applicable way to synthesize materials in the form of powders and films. It is also well known that the structural and optical properties of a thin films depend extremely on the conditions in which the deposition has been carried out and also performing of annealing treatment. For annealing treatment, various annealing parameters such as temperature, time, atmosphere and pressure could be mixed.
Formerly, the influence of annealing parameters on the properties of ZnSe thin film have been studied in solid state physics and condensed matter. As prominent examples: Bacaksiz et al. [30] showed that annealing temperature of
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Magnetic properties: Theoretical background
ZnSe has two commonly available allotropes: hexagonal wurtzite (W) and cubic zinc-blende (ZB) spin configurations. To numerate and simulate the thermodynamic parameters like magnetization and magnetic susceptibility we consider zinc-blende (ZB) spin structure as shown in Fig. 1 .
To demonstrate magnetic properties of the semiconductor 1-D nanostructure ZnSe, we calculated magnetization and magnetic susceptibility using a QMC In order to get further information about the magnetic properties of this applicable material in the real world, we have performed magnetic susceptibility measurements vs temperature at fixed external magnetic field. We first consider zero-field magnetic susceptibility g 2 β 2 N |J| χ of the ZnSe system, the results of which are shown in Fig. 3 (a). The inset shows the temperature dependence of the product of magnetic susceptibility times the temperature
T is the temperature. The temperature dependence of both functions at weak magnetic field is presented in Fig. 3(b) . We see that the behavior of magnetic susceptibility is not so different from zero-field case. Generally, χT obeys a Curie law over, nearly, the full temperature range with C ≈ 0.3 g 2 β 2 N |J| . As can be seen from the insets in Fig. 3 , the value of g 2 β 2 N |J| χT in the vicinity of weak magnetic fields does approach the free-ion value at high temperatures.
antiferromagnetic coupling.
In Fig. 4 we display
|J| χ as functions of the temperature in the presence of various external magnetic fields H = 100 |J| g ( Fig. 4(a) ), and Fig. 4(b) ).
The ferromagnetic exchange interaction predicts a N = 80 spin ground state with χT max ≈ 9 |J| g 2 β 2 N at temperature T ≈ 80 |J| k and fixed magnetic field H = 100 |J| g , as shown in the Fig. 4(a) . When the system is putted in the presence of a strong magnetic field (H = 300 |J| g ), the product g 2 β 2 N |J| χT has a stimulating double peak between T = 300 |J| k and T = 2 |J| k , which denotes a phase variation of the system. As it can be seen in the insets, upon cooling, g 2 β 2 N |J| χ remains relatively constant until kT /|J| = 20 and then increases abruptly. This rapid rise of g 2 β 2 N |J| χ suggests that predominantly ferromagnetic interactions are presented in this condition.
Experimental details
The glass substrates were ultrasonically cleaned sequentially in acetone, alcohol, and deionized (DI) water for 15 min, and were finally dried in air before deposition of thin films. ZnSe thin films were deposited on highly clean glass substrates at different temperatures of 380
• C and 400
• C using spray pyrolysis are almost amorphous with ZnO impurity phase. The XRD patterns of the annealed films indicated that B1 is also amorphous but B2 is polycrystalline which has a cubic zinc blende structure with preferred (111) orientation. The XRD patterns contain a small amount of zinc oxide (ZnO) impurity. Our result on B2 sample is in good agreement with the previous studies [17, 37] , grown by thermal evaporation and annealed in vacuum. However, hexagonal wurtzite structure and cubic zincblende structure, or sometimes a combination of both phases have been observed for the ZnSe films deposited by another technique [37, 38] .
The structure of the ZnSe films generally depends on the deposition technique. This formation of the ZnSe phases were attributed to the enhancement of clusters, rearrangement of atoms and removal of residual stresses/defects during the film annealing. The crystallinity of B2 sample that deposited at substrate temperature of 400 • C, was improved by formation of (111) and (200) diffraction peaks after annealing. This confirms upon annealing, the crystallinity of the film increases due to recrystallization of the as-deposited thin film [39] . According to the Debye-Scherer equation, the crystallite size of B1 sample can be estimated by: D = Kλ/β cos(θ), where K is the shape factor that was taken equal to 0.9, λ is the wavelength of X-ray source, β is the full width at half maximum (FWHM) of diffraction peak and θ is the Bragg diffraction angle in degrees.
The lattice spacing, d, is calculated from the Bragg , s formula:
The lattice parameter, a, for cubic ZnSe film can be determined using the rela-
Where h, k and l represent the Miler indices of the crystal planes. The dislocation density is given by the relation δ = 1/D 2 [40] , and the strain values ε have been evaluated by equation ε = β cos(θ)/4 [37] .
Structural parameters of B2 sample obtained by characteristic of the (111) peak are summarized in Table 1 . The result shows that lattice constant of B2
deviates from the bulk, revealing that the film grains are strained, and that may be for the sake of the variation of nature and concentration of the native defects. Figure 6 shows FE-SEM images of the samples. As can be seen Figs. 6(a) and 6(b) for sample A1 and A2 which were deposited at different substrate temperatures of 380
• C, the plan and surface structure of both samples are relatively the same, and increase of the substrate temperature has not sig- Sample (hkl) 2θ( 
Optical properties
The optical properties of the ZnSe thin films were studied using the UVvisible spectrophotometer. Fig. 7 shows the optical transmission spectra of ZnSe thin films in the wavelength range of 300-1100 nm before and after annealing. The transmittance of as-deposited ZnSe samples (A1, A2) is over than 77% in the visible wavelength range. The transmittance spectrum after annealing (B1, B2 samples) depicts a high transmission of 80% in the visible and near infrared region. Similar results have been reported by Mangalaraj et al. [40] for ZnSe thin films prepared at different thicknesses using a vacuum evaporation technique on the glass substrates. As an important result, by inspecting From the transmission spectra, near the fundamental absorption edge, the values of the absorption coefficient, α, can be calculated using the formula:
, where d is thickness, and T is transmittance of the ZnSe thin films. Figure 8 shows absorption coefficient of the films as a function of wavelength. The variation in absorption edge after annealing is most probably due to the enhancement in structural order and removal of residual stresses [42, 43] . The average thicknesses of the ZnSe thin films which were estimated by Puma software [44] , have been listed in Table 2 . The fundamental absorption which corresponds to the transition from the valence band to the conduction band, can be used to estimate the band gap of the semiconductor materials.
The relation between absorption coefficient, α, and the incident photon energy, hν, can be written as follows
where α, hν, E g and A are , respectively, absorption coefficient, photon energy, Table   2 . Results prove that the optical band-gap values related to the ZnSe thin films after annealing are less than those before annealing. It is well known that the absorption edge is dramatically associated to the size of nanoparticles. As the SEM analysis manifested, the grain size of ZnSe thin films after annealing are larger than before annealing, therefore this difference in band gap may be attributed to quantum-confinement effects [45] . The calculated values of the band gaps after annealing are in a well accordance with band gaps of the films deposited by spray pyrolysis (2.64-2.70 eV [46] ) and thermal evaporation (2.76 eV [4] ) methods. By inspecting XRD pattern, the higher band gaps of the asdeposited samples (A1, A2) may be due to the presence of the ZnO impurity which remarkably influences on the ZnSe band gap. we ultimately concluded that in the range of annealing temperature where the crystal structure of the ZnSe thin film grows on the glass substrate and has a maximum transmittance, the magnetization M/βgN behaves as a smooth function with respect to the magnetic field without plateau. It can be interpreted that during annealing process function g 2 β 2 N |J| χT shows a double peak upon increasing the temperature in the presence of externally strong magnetic field.
